A system for Candidate-Task matching in the E-Recruitment field
Introduction

Background
There are many businesses specializing in renting out people with certain skills to other businesses. These companies can be either pure consulting companies or companies who rent out people not currently on a work assignment. This allows other companies to hire consultants when a need arises for a temporary reinforcement in their work force or for longer time spans when there is an especially taxing project underway.
No matter what the need might be, the customer has certain requirements when it comes to the skill set of the people they are hiring, and as such, the need for a way of identifying people with the right skill set becomes apparent.
If computer software efficiently and accurately could be utilized to find the best candidate for a given job description, a significant amount of manual handling could be avoided. Secondly, if the concept would be taken further, the techniques could be utilized to serve as back end for an online database containing people with different skill sets, serving suggestions to customers according to their requirements.
The techniques mentioned above could also be used to expand the company by combining them with software able to parse skill requirements from job offers and matching the qualifications requested against the qualifications available within the company.
Acino AB
Acino AB is a company which develops services and products for interaction over the internet. The company has two main branches, one for product development and one for consulting. The consultant branch of the business rents out talents to other companies to perform jobs on their behalf. When hiring out personnel it is important to identify the most suitable candidate for the job to ensure that the job is performed with as high quality as possible. As such, the consultant part of their business could make use of software which would assist in finding the most qualified person for a specific task. Additionally, the software would assist in organizing and administrating the different skill sets within the company.
Report outline
This report will start out with a description of the problem to be solved in Chapter 2, this chapter will detail what goals has been set for this MT project and what methods have been used to achieve these goals. In Chapter 3 details will be given on how the actual software works and is implemented, what tools and software that has been used. In the same chapter, Closure tables, the chosen technique of hierarchical data storage is described. The report continues on into Chapter 4 to further describe what work has been done in the area of e-recruitment and what techniques are available to achieve the goals described in Section 2.2 among a few other goals. In Chapter 5 the accomplishment done during this thesis is discussed.
Problem Description
The problem to be solved in this project is the problem of determining relative suitability of candidates with different skill sets with regards to a specific work description.
Given a company with a large number of people, a number of questions arises:
-How does one describe their skills and experience in their respective areas?
-How does one select people from the database with the sought after skills?
-If no exact match is found, can a selection be done where people with similar skills to the sought ones can be recommended?
-How can people be ranked with regards to their knowledge, and as such, compared to each other with regards to suitability to the task?
To be able to achieve this, the software needs to have a way to structure knowledge along with a way to connect people to this knowledge. This can be seen as a representation of a persons CV. Along with this the software needs to provide a way for a potential customer, or person in charge of human resources to search for candidates with a certain profile.
If the software is to be used in a larger context than internally in a smaller company, the need for fast and efficient selection algorithms is apparent for scalability, however this is not the main focus of this report.
Problem Statement
During the time spent on this project a working prototype for administrating competence within a company shall be implemented and documented. The software shall, with input from the user, be able to select candidates suitable to the requests of the user.
Some limitations to the work is that the software will not be developed with the intentions to be used in a large scale operation. The algorithms and data structures used to implement the prototype will not necessarily be unsuitable for such endeavors, although the main intention of the prototype is not to be used on this scale. Instead the software is to be seen as a prototype to evaluate possibilities within the area of task-candidate selection.
Further, the design and aesthetics of the software will be of high priority, functionality will be the foremost concern.
Goals
The goal of the work presented in this report is to explore the possibilities of automatically selecting a candidate from a set of candidates to match a specific job description provided by the user. The software shall by doing this aid the person in charge of human resources to select the correct person for a job by suggesting people with the correct set of skills and experience. In addition to this the software will also be a tool to manage and keep track of persons and skills within the company.
The goals set for the project are:
-Research the possibilities of using software to pick suitable candidates from a database of candidates based on a number of criteria and rank these.
-Implement a working prototype utilizing techniques for performing the aforementioned picking.
-Implement an interface to perform the required search queries in addition to being able to easily add new data to the database.
Purposes
There are some commercial solutions on the market performing task-candidate matching, these are often fairly costly systems. As such the main purpose of designing and implementing the piece of software presented in this report is to give Acino AB an opportunity to try out and evaluate a management system for competence within the company.
Methods
The methods used to perform this MT project has mainly been focused on literature studies. Studies has been focused on techniques which can be used to achieve the desired results described in Section 2.2. Primary focus of the studies has been on methods of representing hierarchical data in a relational database and how to represent various types of knowledge in combination with this hierarchical structure. Further research efforts has been focused on how to make the actual candidate selection and rating.
Implementation
The software described in this MT report is a web based application. The choice of having a web based application instead of a stand alone application was made due to web applications being highly portable and usable from different locations without installation or other means of providing the software. The company at which the thesis work was done is also highly familiar with the tools used to develop this application. Due to this, advice and guidance was always readily available.
Tools
The language in which the application is developed is ASP.net using C# as code-behind language. Microsofts Entities Framework ORM layer is used on top of a MySQL database for storage of data. An SQL Express database is used to store user credentials for authenticating a user before being able to use the application. The web application runs on top of Microsoft IIS 7.5 server running ASP.net 4.5.
User Interface
As the application has been developed in ASP.NET with C# as code behind, the graphical user interface is web based and used through an internet browser. If the user is not logged in, the user will be prompted with a login screen, see Figure 3 .1. Once the user is logged in, there are three main functions that the user can chose between.
-Person Handler is a tab allowing to add persons to the system and modify their attributes. Everything related to a person can be changed here, such as name, home town, age, skill set and previous assignments, see Figure 3 .2.
-Past Work is a tab allowing the user to add description of past assignments, see Figure, 3.5. The past work of a person does not affect searches, however it assists the user in making an informed decision with regards to past experiences of the candidate.
-Skill Handler, see Figure, 3 .3 is used to modify the current skill hierarchy that the system has. The user is presented with a tree structure on the left hand, and can add and remove nodes from this tree. The user can customize this tree to represent the skills available throughout the company. The skills represented in this tree are also the skills that can be assigned to a person in the system through the Person Handler tab.
-Person Reccommender, see Figure 3 .4, is the tab that performs the actual taskcandidate matching. When the user enters this tab, two tree structures, very similar to the one in the tab Skill Handler is presented to the user. One of these represents required skills, and the other one represents desired skills, more on this in Section 3.5.3. The user picks skills from these two skill trees to match the task description and clicks the search button. The program will then perform matching against the candidates added through the Person Handler and present the user with a sorted list of results. On this tab one can add past work to a person in the database. This does not affect search results, but is rather a feature to further evaluate a search result once the recommender has suggested a candidate.
User Authentication
To use the software, one must log in to the system first. The system will likely not have many logged in users, most of the time only the person in charge of human resources or similar will be logged in, however the system allows for an arbitrary number of users to be logged in at the same time.
SQL Server Express
An SQL Server Express database [7] is used for storage of user credentials. The SQL express database was chosen due to the .NET library having robust template based authentication functionality to be used without requiring additional programming [1]. This functionality is very well integrated with the SQL Server Express database and using it was highly convenient. Each page in the web application which contains elements that is not to be modified by unauthenticated persons is secured with this functionality, requiring the user to log in.
Data storage 3.4.1 MySQL database
For storage of data regarding persons and knowledge a MySQL database [2] , is utilized. MySQL is a relational database [17] and the operations necessary for the type of application implemented during this MT are well supported within MySQL.
Knowledge storage
When developing an idea for how the application was to work, it was apparent that a technique of representing hierarchical data in a MySQL database would be needed. This, due to knowledge or skills being well suited to be organized in a hierarchical structure, where knowledge areas might have one or several sub areas. For example the programming languages C#, C++, C all belong in the class compiled programming languages, which in turn falls under the class programming languages, which in turn might have another sub class, interpreted languages which may contain languages such as Python and Ruby among others.
Structuring knowledge in the application in a hierarchical way is convenient when performing searches on the data. With a hierarchical structure on the data it is easy, given a search query, to find out ancestors, children, or siblings of a particular data entry. With this in mind it is also possible to perform partial matches against search queries.
In case it is desired to find a person knowledgeable in C#, but there are no persons matching this criteria, it is possible to find out what other compiled languages the person is familiar with, by looking at the siblings of the C# data entry. By knowing this, it is reasonable to expect that a person familiar with similar languages to the sought after one, will have a higher chance of quickly grasping the concepts of the sought after language. The person should with this reasoning then be presented as a higher ranked option in the search results.
When trying to represent a hierarchical structure in a MySQL database, a few different options were looked at when deciding what model to use, see [5] . The alternatives that were evaluated for use are:
-Adjacency list is a very commonly used solution, in this model every node knows of its immediate parent. This type of tree model can't handle deep trees.
-Path enumeration stores the chain of ancestors in each node, usually as a string, and as such one can know each ancestor by separating this string.
-Nested sets, each node is encoded as two numbers, a nodes left number is less than all numbers used by its descendants. The nodes right number is greater than all numbers used by its descendants. A node's numbers are between all numbers used by the nodes ancestors.
-Closure table, every node knows of all its descendants, which makes it less space efficient then the other alternatives, but caters to making several of the desired operations very fast and intuitive, see Figure 3 .6 for an illustration of the structure.
The model chosen for this particular application is Closure Table. This model seemed to fit the project well, it is simple to understand and very flexible. Referential integrity [16] is kept, as opposed to path enumeration and nested sets, and contrary to adjacency list there is no limit to the depth of the tree. In this model, the tree is expressed as two separate tables. One with the actual nodes, each entry containing node specific information. The other table containing the actual tree structure, describing the relationship between each node. In this table each node knows of all its descendants, including itself, and only lists itself as ancestor in all of its entries. To simplify queries for a nodes siblings, immediate ancestors, or immediate descendants, a path length is held for each separate entry in this table, describing the path length between the ancestor and the descendant contained in that entry, see Figure 3 .6.
Due to the way this model is structured, obtaining all ascendants of node A node is as easy as querying the database for all nodes in the table having node A as descendant. Likewise to obtain all nodes who are descendants of node A, one queries for all entries in the table having node A as ancestor (which should be only one, the way the model is built), and just pick out all descendant nodes from this entry. Both these operations are very fast and require no recursive queries. 
Database model
The entities that are represented in this system is Persons, which represent an actual person within the company. Each person has zero or more instances of the entity PersonKnowledge which contains details about a persons knowledge within a special subject. Further the database also contains Knowledge entities which represent actual areas of expertise within the company. This is all held together by the hierarchical structure described in Section 3.4.2. Each person is also associated with zero or more instances of PastWork entities. The PastWork entity describes past work that the person has performed for the company or for other companies, which may be seen as a resume.
The database model in its entirety is shown in Figure 3 .7. 
Person
Each person who is represented in the system has an entry in the table Persons within the database. This entity is meant to contain personal information relevant to that person. The data that is represented in the system described within this report is:
-idPersons is the primary key of the Person table.
-givenName is the persons first name.
-surName is the persons surname.
-age is the persons age.
-homeTown is the town the person is currently residing in.
-description is a description of the person. This entry has been included to be able to represent a CV-like view of the person for use when assigning a work task and may contain qualities which are not suitable for representation by a numerical value.
PersonKnowledge
The PersonKnowledge table contains instance specific information with regards to a Knowledge object. Such as how much experience a person has within a certain area. This table has the following properties:
-idPersonKnowledge is the primary key of the entity.
-idPerson is the primary key in the Person entity this knowledge instance is connected to.
-idKnowledge is the primary key of the Knowledge entity that this PersonKnowledge instance represents.
-experience is a numerical value on how much experience the person has within this knowledge area. This might be a representation of years the person has been working within this area, or it might be some other form of relative value specific to the company. This entry in the table exists for the system to be able to distinguish which person is better suited for a specific work task. The system expects that a person with a high value in experience will perform better then a person with a low value within that specific area.
By having the personknowledge entity reference a knowledge object for topic-specific information, space is saved if many people share the same knowledge. Further, a knowledge entity can be modified in one place and the change can turn up on every person sharing that knowledge without individual modification. The personknowledge table is important in the process of selecting the proper candidates for a specific task due to it containing person-specific information about their experience within a certain area, see Section 3.5.
Knowledge
The Knowledge table contains information regarding specific topics, subtopics and actual Knowledge. In this specific implementation, this table only contains the name of the Knowledge and a primary key. These entities are arranged hierarchically within the database using closure tables, see Section 3.4.2. Leaves in the hierarchy are considered to be actual knowledge topics, while intermediary nodes are considered to be categories at varying depths.
The table contains the following values:
-idKnowledge is the primary key of the table.
-name is the name of the knowledge, be it a category or actual knowledge instances.
TreePaths
This table contains information on the structure of the tree. It contains three values, an ancestor value, a descendant value and a pathlength. The ancestor value is the key which identifies the current node, there can be several TreePaths entries with the same ancestor value, all of these make up one node, this is shown in Figure 3 .6. The descendant value describes which child nodes the current node has, multiple childs mean that there are several TreePaths entries with the same ancestor value, but different descendant values.
The table contains the following values:
-ancestor is the primary key of the table.
-descendant is the child node id from the current node.
-pathlength is the length of the path from the ancestor node to the descendant node.
By introducing the pathlength value it is easy to query the database for a nodes immediate child, or immediate parent by requesting a pathlength of 1 for example.
PastWork
The PastWork table contains information regarding past assignments that the person has been working on. This table has no impact on the searches performed but exists due to the fact that it is convenient for the person performing the searches to be able to see what the person has done in the past.
-idPastWork is the primary key of the table.
-idPerson is a primary key in the Person entity this pastwork is linked to.
-title is a title describing the past work.
-description which contains a text describing the past work done.
-date started when the assignment started.
-date ended when the assignment ended.
Candidate Selection
A very central piece of functionality of the software is the ability to select suitable candidates from a set of persons, given input about what is required of said candidate. The software takes input from the user specifying what knowledge is required of the candidate. The user also has the option to specify knowledge which is not strictly required, but is desirable. The software then attempts to match candidates from the database against these criteria and will output a list of ranked candidates with the closest matches on top.
Candidate rating
To be able to compare candidates to each other a way of quantifying each persons experience within an area is required. This is solved through a data field in the PersonKnowledge table, see Section 3.4.3. In particular it is the field experience which is used when determining who is the most fitting candidate for the task. Experience can be a way of either determining how many years a person has been knowledgeable in an area, or it could represent numerical values from another metric.
If two candidates A and B has a common skill X, and candidate A's experience in X is 4 while candidate B's experience is 2, candidate A will by the software be regarded as more knowledgeable within that area then person B, and thus ranked higher then person B with regards to that knowledge.
Experience can be described either as a scale from zero and up, or it can be regarded as a binary value, where a candidate in the database either has knowledge within an area or not. In the latter case, the software will still select the best candidate from the task on the existence of search criteria alone. The result set will be less nuanced if several candidate share the same knowledge, but it will still serve as a good basis to draw further conclusions on.
How candidates are selected
The user of the software enters a number of criteria for which candidates are to be selected upon. This input is fed into the selection logic. The selection logic will first try to find candidates who match the whole set of required criteria. If one or more candidate is found who matches the whole set of required criteria, these candidates are ranked against each other according to their experience in the knowledge specified in the search query. This search is called the direct match, see Section 3.5.4.
On the other hand, if no full match is found, where no candidate has all of the required criteria, the software transitions over to a more lenient search. In this search, a more exhaustive search is performed where candidates still get full points for the part of their knowledge residing in the sought after set of criteria. However, for each criteria a person is missing from set searched set, a sibling match, see Section 3.5.5 is performed to find out if the person has any knowledge related to the original search criteria.
The sibling match will attempt to find skills related to the sought after skill and give the candidate part of the points that it would have gotten if it had the actual sought after skill. The reasoning behind this is if a candidate does not have a particular knowledge A, but has knowledge fairly closely related to A, it is more likely to be suitable then a candidate who has neither.
If the search criteria given by the user is strict enough, depending on how big the candidate database is, there may be cases where only one matching candidate is found. In these cases the user might want a few more alternatives, even though the remaining matches do not strictly adhere to the required search criteria. In this case one can force a sibling search, in which case the fully matching candidate or candidates will still end up on top, but more candidates will be found and presented in the search result.
Required vs Desired criteria
When searching for candidates, the user can specify the search query in terms of both Required and Desired search criteria. They differ on the point that a required search criteria needs to exist on the candidate that is to be selected, while a desired search criteria is something that is an added bonus, but not critical to the task at hand.
This enables the user to promote candidates who in addition to the required knowledge, also has additional knowledge which might help when performing the work task at hand. Additionally, if the candidate database is fairly small, and there is some room for negotiation with regards to the required criteria, one or a few of the required criteria can be expressed as desired criteria instead to increase the number of potential candidates.
Direct match
At first when searching for suitable candidates, the software attempts to make a direct match against the sought after criteria. This means that the program attempts to fully match the required search criteria (see Section 3.5.3) of a search request against the candidates that are available. A full match is when a candidate has knowledge of each criteria in the search query.
When one or several candidates has been found that match the search query, they are rated according to Section 3.5.1 to receive a certain amount of points, related to their experience in the sought after field.
If no full match is found, the software transitions into sibling match, see Section 3.5.5.
Sibling match
The sibling match is only run when a candidate does not have sought after, Required knowledge.
If the search query contains a Required criteria for the candidates to have the skill C++, but neither of the candidates has knowledge of this, the software will perform a sibling search. This means the software asks the database for siblings to the knowledge instance of C++. It will see that C++ is a compiled language, and as such, it will see if the candidate has knowledge of other compiled languages. For example it might see the candidate has knowledge of C# and Lisp, the candidate will receive part of the points for these languages, on the reasoning that they are more or less closely related to the original search query of C++ by sharing a common direct parent.
Software Testing
In the testing of the implemented software, the person in charge for human resources at Acino AB was tasked with manually finding suitable candidates for a number of previously performed work. Each of the tasks were defined with a description on what the task was about, and a list of desired skills that the assigned person should have. Further, the software made its evaluations on the same people that the person in charge for human resources did. The objective for the test was to identify what the program does well, what it does not do well, and if the results reflect the human made evaluation.
Persons in the database
The database was filled with 14 persons from the company and the knowledge hierarchy was filled with skills from these persons' CV's. Each person essentially representing their CV in the software. For anonymity each person will be addressed as Person 1, Person 2 and so on, but in both the manual selection and the software selection, each number correlate to eachother, and is the same person. Further, each persons skill level in each of his skills is also set to 1, this means that two persons having the same skill will be regarded as equally knowledgeable in said skill.
Tasks
The tasks that were used to provide background for the selection process were tasks where some or all of the skills required were represented within the company and a total of 4 tasks were created for this test. The tasks will further be addressed as Task 1, Task 2 and so on, the numbers in the software evaluation and the human evaluation correlates to eachother.
Manual selection
As earlier mentioned the person responsible for human resources at Acino AB was tasked with finding suitable candidates for each of the tasks. The responsible person was told to perform the evaluation the same way as usually is done when a real task is to be performed. One preferred person is to be mentioned for each task, and one or more alternatives can be presented in addition. In the table one column describes if the task is to be performed at a customer who has earlier done business with the company, or if the customer is a new one. The results from the human made evaluation test are presented in 
Software selection
Since the software manages hard facts, such as a person knowing a skill, or not knowing a skill, the required skills for each task were fed into the program, and suggestions taken note of. As earlier mentioned, the number of each person in the manual selection and the software selection correlate. The results from the software selection can be seen in Table  3 
Manual vs. Software
In One thing to take note of is that in most of the tasks, one or a few of the manually selected candidates are found in the highest ranked candidates from the software. The software only takes skills into account, while the manual selection took other things into account, such as personal traits, and experience earned from earlier assignments. The case which sticks out the most is Task 3 where the preferred candidate of the manual selection is ranked in 10th place by the software. The reason for this is that the manual selection was made largely on past experience grounds where Person 3 had performed assignments very similar to the task at hand, and as such was selected as the first alternative.
The final selection will always be done with some form of human intervention, and as such the software ranking is merely suggestions which could prove to be correct. In some cases the manually selected candidates did not have the required skills in their representation in the database, but they made up for it by having merits in their past assignments which entitled them to the task. Since this is not explicitly described in the way candidates are represented within the system there was no way for the software to make that call. However, if the skills of each person is properly represented in the database, a search like this can save a lot of time on initial filtering through a persons skills.
The time saving aspect of this type of software is obviously much more apparent in a database that consist of hundreds of persons, however to be able to create a test which is as close to reality as possible, actual persons from the company and actual tasks were chosen as data for the test.
Conclusion Tests
Judging from Section 3.6.5 the correlation between the manually selected candidates and the software selected ones is fairly strong, in most of the tasks, the preferred alternative in the manual selection was presented as one of the top 3 or 4 alternatives by the software. Some things are however not suitable to be presented by a number in a database, such as personal traits, and earlier experience from similar assignments, and as such this will always have to be taken into account at a later stage by a human being.
Chapter 4 E-recruitment techniques
In this chapter the process of recruitment, and more specifically e-recruitment will be studied more closely. Further more the techniques available to make the task of recruitment, and hiring out personnel easier will be studied, in particular candidate selection. The recruitment process will be described and some of the individual points of the recruitment process will be addressed more in depth from a computer software point of view, and what can be done to simplify the process for the people in charge of human resources. In the following sections, some techniques which can be utilized within software in the area of e-recruitment will be studied.
Recruitment
Recruitment is done by a company requiring to fill a vacancy in the organization. When recruiting new talent for the company one generally has given a job description including what is desired from the applicants. To be able to match the correct applicant for a job the applicants generally has a description of their skills and their past work, called a CV, for the hiring company to make part of its decision on. The recruitment process is then a multi-step process of filtering out candidates and making interviews with the applicants deemed appropriate for the job description. In this section, a description of the recruitment process is given to provide some background, some of which could be assisted by computer software. A brief look on an existing commercial system, Resumix, is also given towards the end of the chapter.
Recruitment process
The general process of recruiting people for a certain job involves several steps to make sure the right candidate is hired for the job. These steps can generally be described as the following [12] : Many of these steps are not suitable for automatic or semi-automatic processing by a computer program. Some of the steps described above require evaluation of human qualities which are not suitable to be described as a number in a database, as opposed to qualities regarding education, skill set and experience within certain areas. This means that human intervention still is necessary to be able to complete the process. Some of the points described can however be aided greatly by utilizing one or several pieces of software. Most notably, and also of most interest in this report, as the project described in Chapter 3 is about generating the short list of candidates, all having skill sets relevant to the task at hand. Some of the other points are however interesting from a software standpoint if the problem is viewed from another angle, namely finding suitable jobs from job databases to occupy your employees, and thus expanding your business which will also be touched upon. Further, the way the position description, or task description is structured is important if techniques for automatically finding suitable jobs from a job database is to be applied and will also be addressed to some extent in this chapter.
Position description
When a vacancy has opened up within an organization, a job or task description is written by the company in need of people. The description will most likely contain a title, giving an overview on what the task is about. Further the description will likely contain what company that has the vacant position, what type of employment the description is for, fulltime, part-time, or other. The task description often contain a more detailed description on what the task is about, what is expected of the person performing the task, and other details that might be interesting for applicants. In the description, skills and traits desired by the company is usually described, for example the company might need a person experienced with one or several pieces of software. Additionally, contact information is given so that the person interested in the job can send in their application.
All of this information is interesting, but with varying degree of importance when utilizing software to assist in the recruitment process. One particular piece of information that is very suitable for processing through software is the list of desired skills that the company wishes the applicant to have. If the process is to be fully automated, all the way from parsing a job description, to picking out potential candidates for a task, it is highly advantageous if the job description follows a set format standard 1 . One known software that automates the process of recruiting and selecting candidates given a task is RESUMIX [6] which among others is utilized by NASA to quickly identify the most qualified people for open positions.
Handling the problem of non uniformly structured job descriptions will be briefly discussed in Section 4.6.
Resume description
When people apply for a job within RESUMIX a Resume Builder is often utilized to build a representation of a persons skill sets and prior work. Using a method like this is convenient, since by using a tool like a resume builder, one obtains a standardized format on all the resumes, which simplifies searching for the desired information. By using a tool to build resumes one can also expect the desired information to be present.
Having a standardized format on the resume is of course an optimal scenario, and a standardized format can not always be expected from a general resume from an online job site, or from a resume sent in by an applicant to a company.
In [11] Straccia et al suggests a representation of a person that they call a Profile. This Profile contains the following information:
-Name of the person owning the profile.
-Knowledge that the person has.
-Job title of the person.
-Languages the person speaks.
-What Industry the person operates in.
-On what level the person is educated at, for example BS, MSC, PhD or other certification.
-If the person has any complementary skills.
To quantify the attributes which depict knowledge of some form, like knowledge, job title, languages and industry an integer value is used to describe how many years experience the person has within the subject. This representation contains very similar information that one would expect to find on a well written CV. Considering that a persons qualifications for a certain job is what a resume description is meant to describe, mimicking a CV in the way the model is built seems reasonable.
Candidate Selection
When using software to select candidates from a large set, it is important to do this in a way that is quite fast and gives relevant search results.
The act of selecting candidates with software can be thought of in a few steps:
-Candidates are screened for required attributes to create a short list -The short list is ranked according to required attributes, experience and other attributes which may be of interest -The top ranked candidates can then either be further processed, or manually checked for information which is not suitable for software to determine.
This section outlines some methods that might be used to attempt a both efficient and fair rating of candidates to provide good search results and solve the points presented above.
Screening
In [11] Straccia et al presents the idea of having two types of search criteria when looking for suitable candidates to fit a job description, Required and Desired attributes. This gives a lot of flexibility, at the same time as it potentially makes searching through candidates more efficient. By having required attributes set, only the candidates that make the cut, will end up on the short list, effectively acting as a form of first filter. This leads to not all candidates needing to be checked for desired attributes, further not all candidates need to be rated according to their knowledge within the sought after areas of expertise.
The exception to this is when no candidates matching all the required criteria is found, in which case a more thorough search has to be performed, ranking candidates from both required skills, and skills related to the original search query.
Having desired attributes allows for flexibility, where it is possible to promote candidates having these sought after, but not strictly needed attributes.
One must however be careful not to rate the non critical attributes so high, that it overshadows the impact that the required attributes have on the final rating of a candidate.
Ranking candidates
The goal of ranking candidates is to be able to sort the candidates according to how well they fit the sought after profile, this can be done in different ways, but whichever way it is done, it will likely involve some function based on the candidates experience within the sought after areas.
For ranking candidates different scoring functions can be used, and different things can be promoted in these scoring functions. If the only goal is to find a candidate that has the best qualifications for the job, a scoring function that gives each candidate points relative to their experience within the sought after area can be used. Most of the attributes described in Section 4.3 can however be used as possible ranking factors.
To be able to adequately create the desired query for a candidate, functions targeting certain attributes can be used, for example, hasDegree, hasKnowledge and knowsLanguage. By using these type of functions which work against the database of candidates, specific attributes can be explicitly promoted. For example a person who has a Computer Science Engineering degree, 5 years of experience in Java and can speak English well while being fluent in writing English [8] .
The system implemented by Straccia et al [11] accepts queries to the database where a pref function can be used to add weights to certain criteria. For example this might look like: pref(level;Good=0:6; Excellent=1:0)
Where the pref function returns 0.6 if the candidate level within the area has Good understanding while the function returns 1.0 if the candidate has Excellent understanding in the area.
In many real world situations cost is also a major deciding factor, where the cost for a candidate need to lie within a certain interval, or not above a certain threshold. In these cases cost also needs to be factored in when ranking the candidates where candidates might be penalized if they stray too far from the threshold.
Top-k retrieval
Top-k retrieval is the act of retrieving the top k results from a query, where k is the number of results. This directly relates to the ability to rank the individual results from the query, see Section 4.4.2. There are systems which support top-k retrieval from a database, for example SoftFacts [10] .
When performing top-k retrieval it is generally reccomended to evaluate the candidates as they are pulled from the database and only keep track of the current top results. This is done for efficiency as multiple iterations over potential candidates is not necessary.
One technique for performing top-k retrievals this is to use partial sorting, see Section 4.5.1 on the potential candidates to pick out the top-k results.
Partial sorting
Partial sorting [15] can be used to pick out the k largest or smallest elements from a set of elements, and can as such be used to perform top-k retrieval. Partial sorting can be done on different datatypes, algorithms exist to perform partial sorting on a list, as well as on a binary heap, both algorithms are quite fast and the time bound is O(n + klogk) on the binary heap sort as well as on the list sort, if the resulting k candidates themselves are to be sorted.
This type of sorting is very handy if the original result set from the search is large and only a smaller number of results is desired in the final result set.
Resume Scanning
In large corporations, or companies which have a large throughput of resumes and CVs, resume scanning is a potential solution to minimize the amount of manual work that has to be done when an applicant sends his papers in. Instead of a person spending time on manually reading and entering information about an applicant, software is used to do the same.
In a few of the commercially available suites for personnel management, most notably Resumix [6] resume scanning is made possible through software. This means that through artificial intelligence techniques and language processing, important information from a persons resume or CV can be scanned, and used to build an internal model for that person to perform queries on.
OCR (Optical Character Recognition) [3] is used to create a text file (ASCII) for the applicant scanner to search through. Important information on the applicant is then extracted, such as name, address, phone number, work history, years of experience, education and skills [4] . The particular techniques that is used to perform the extraction of this information is not publically available, but there are a variety of techniques that can potentially be used for this cause within the field of NLP (Natural Language Processing) [14] .
Knowledge storage
In a system of the kind described in Chapter 3, where decisions are to be made from stored information, a good approach to storing this information is needed. The approach taken by the software described in Chapter 3 was a MySQL database using a custom tree model for the skill hierarchy. One piece of software that has been taken extra notice of is SoftFacts [10] which is an ontology mediated top-k information retrieval system over a relational database.
In SoftFacts [10] data is stored in a SQL database through a wrapper. However the knowledge is stored with what is referred to as a knowledge base K =< F, O, A >, which is a facts component F , an Ontology component O and an abstraction component A.
The facts component allows for graded ground facts, for example "the Audi TT is to some degree (e.g., 0.85) a sports car".
An ontology component O which is used to define relevant abstract concepts and relations of the application domain in form of axioms. An example of one of these axioms might be ItalianCity EuropeanCity, meaning that an Italian city is an European City. Axioms can be combined such as ItalianCity BigCity BigEuropeanCity. Meaning that "any italian city, which is also big, is a big european city".
The abstraction component is a set of abstract statements that allow atomic concepts to be connected to physical relational tables and is used as a wrapper to the underlying database, preventing relational table names to occur in the ontology.
Through the way that SoftFacts is built it is convenient to use to describe ontologies very similar to the hierarchical structure needed for the application described in Chapter 3.
SoftFacts also allows for Top-k, see Section 4.5 Query answering with an advanced and flexible query language implemented on the standard DL-Lite [9] .
A system like SoftFacts can be used to perform similar tasks as the system described in Chapter 3, but with a bit different search techniques, with it having built in top-k retrieval.
Job extraction
Very similar to resume scanning, see Section 4.6, there are web sites on the internet where companies can announce an open position or a task needing to be done. For companies specializing in renting out personnel it would be convenient if there was a way to automatically scan these pages for potential jobs and attempt to match them against available candidates in a database. Again very similarly to resume scanning, techniques for natural language processing would be needed. The upside of most of the web sites on the internet is that the actual posts regarding jobs follow a set format for that site, this makes the task of parsing the data a bit easier contrary to a resume which might not have a specific format.
Job extraction might be of special interest to companies trying to expand their customer base by renting out personell to new companies, or just as a way to keep the company busy. There are a couple of approaches to this endeavor, if the site in question offers an API [13] to fetch information from their site one can work directly towards that. In the case that they do not, scraping [18] the web site to aquire the neccesary data would be needed, unless this is against the web site user agreement.
In both of these cases the harvested data will need to be post-processed to extract relevant keywords and extract the context which they are in, so they can in turn be used to perform candidate-task matching.
Commercial Software
There exists commercial software out on the market which targets the problems that the software presented in this report is meant to solve. In this section, an overview of one of the commercially available software, RESUMIX, is given and the key points of what it is to solve are discussed.
RESUMIX
RESUMIX is one of the most well known companies that is focused within automatic recruitment, their services is used by NASA, The Department of Defense and several other US governmental institutions 2 . The company was aquired by Yahoo in 2002 through its acquisition of HotJobs 3 and is now named Yahoo! Resumix 4 . NASA's web page for RESUMIX says the system benefits applicants by:
-Promoting consistency -Replacing multiple application forms with one online Résumé Builder form -Eliminating the need to address KSAs or provide supplemental forms
The same page also mentions that it benefits managers by:
-Reducing the time it takes to fill vacant positions by quickly identifying the best qualified applicants -Providing a comprehensive skills database with over 25,000 skills that combine into more than 10 million matching combinations of search terms to help you find the right candidate -Eliminating the tedious process of developing crediting plans -Providing candidates' experience and education on formatted resumes for easy in locating information
The same web page mentions that applicants can be rated more accurately then simple keyword searches and that the system's built-in intelligence actually recognizes the contextual meaning of words within a resume by extracting relevant information with a high degree of accuracy. Skills are separated between Required skills and Desired skills, where desired skills are skills that are not necessary but will make the applicant better able to perform the job [6].
Conclusion on available software
The enterprise solutions seem to take advantage of resume builders to build a standardized data representation of each candidate in databases. Each of these representations can then be used to fill vacancies through more or less refined techniques. The act of screening candidates seems to be done on a variety of levels, but having a job description which details required and desired skills for the vacancy seem to be used frequently. Most of the software seem to primarily target large corporations or organizations where the screening and evaluation of applicants take significant time. As such it is also not easy to get hold of the software to evaluate it privately if one does not own a large corporation. Some benefits of using this type of software is however evident, like quickly filtering out a list potential candidates for a certain job, which can then later be viewed more in detail for further evaluation, saving a lot of time.
As an applicant, having a standardized resume within a database provides an easy way to apply for jobs within that organization. From an applicants viewpoint this is mostly useful if the organization is large enough to be able to offer as large a variety of jobs that the applicant is likely to apply for several different jobs within the same organization.
On the other hand the techniques used, the database of resumes, the filtering process can be quite useful to a company working within the consulting business. In this case the person in the database is already employed by the consulting company, but the company itself can use these filtering techniques to sort out employees suitable for a certain commission by another company, or in-house assignment.
Details on what techniques commercial software uses or details on how performs its searches and indexing of information has not been found however due to the proprietary nature of the software.
Chapter 5 Accomplishment
The main goal of this MT was to implement software capable of selecting appropriate candidates for a given job description. A secondary goal was to delve deeper, and explore some techniques that has, or might be possible to apply to software within the same field. The work was done according to a time plan that was conceived in the start of the project, and this time plan has more or less been followed throughout the project.
How the work was done
First of all the time available was planned between four big areas, planning, litterature studies, design and implementation, and documentation. Each of these areas were planned internally with sufficient amount of detail to specify what needed to be done when.
Most of the time was alloted to design and implementation, and documentation since these seemed like the two biggest areas. When work started some initial discussions were had with people at Acino AB with regard to what was to be done, and some potential techniques to be used were discussed. Parallel to development, others work within the field was studied, and some inspiration was drawn from the publicly available material out there, in particular Umberto Straccia 1 was an inspiration as he has been involved in very much work directly related to the subject.
Actual work on the project started quite a bit later then planned for various reasons which I had no control over, but effort has been done to make due with the time that was available.
Reflections
Developing the program was more time consuming then initially planned, and dragged out a bit on time, but the original planning was held through most of the work. The main thing that has felt like a problem was the late start of the project, which might have prevented some functionality to be as refined as it should have been, however as a prototype, the result is satisfactory.
It was fairly hard to find articles by different authors with information on the area of matching candidates with regards to jobs, because of this, some techniques and ways of doing things has not been possible to research as much as they were initially planned to.
Chapter 5. Accomplishment
The work by Umberto Straccia has however been a major inspiration and unending source of information. During the work, techniques has however been uncovered through litterature studies that could have been used to implement the system described in Chapter 3 but were left out due to the project already being well under way. Some of these techniques are briefly discussed in Chapter 4
Restrictions
The software implemented is not intended to be used in a large scale operation, as such, efforts to optimize the implementation has not been a primary concern. Further more, soft values of candidates, like personal traits are not handled by this system and as such, to determine suitability with regards to these traits human intervention is necessary.
Conclusions
The software is able to take input from the user in form of attributes that a potential candidate for the job is supposed to have, and the system will return a list of potential candidates, ranking them according to their suitability for the job. All in all the software is working as intended, and judging from the test conducted in Section 3.6, the software gives fairly accurate candidate suggestions given that the persons in the database have their skill set properly specified within the program. As far as the original goals concern, they have been fulfilled. During initial discussions with Acino AB some ideas regarding job extraction were talked about, they never made it into the specification of the program however due to time restraints. However they are briefly discussed in the e-recruitment study as a potential technique to be used in future work.
